Pinus m ugo T urra, Pinaceae. Pollen, Wings, Localization of Epicuticular Waxes "Epicuticular waxes" from pine pollen and from pollen wings have been investigated. Various hydrocarbons, aldehydes, wax esters, free fatty acids and primary alcohols in the form of homologous series were identified. A noteworthy observation was the presence of a large num ber of unsaturated fatty acids.
Introduction
The epiderm is, in particular the complex multiplelayered outer wall, is an im portant barrier between the plant and the environm ent. During evolution plants have aquired systems which provide effective protection for the outer cells from the various influ ences of the environm ent. The epicuticular waxes, m ade-up of a com bination of different lipid classes [1] , are one of these systems. This complex mixture of long-chained lipophilic substances which is sup ported by, and in places stored in, the cutinized wall layers, helps ensure that the cuticle is virtually perm eable to water.
Plant cells such as pollen are particularly exposed to the influences of the environm ent. This holds especially for wind-borne pollen which may be dis persed to very high altitudes. The pollen, or male gam etophyte, is protected by specially structured, resistant wall m aterials and their inclusions.
In this paper we dem onstrate that pollen is capable of accumulating the com ponents of epicuticular waxes. It is also shown unequivocally, through the use of wings isolated from Pinus pollen, that the extractable waxes are present in and/or on the exine.
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Materials and Methods

Plant material
Pollen from Pinus m ugo Turra was collected from South Tyrol (Italy; = Po. -1984) and from the Botanical G arden, M ünster (FRG ; = Po. -1986).
Isolation o f wing m aterial
150 mg of pollen were suspended in 10 ml of 0.2 m tris-HCl, pH 8.0, and sonicated for 10 min at 4 °C (Branson Sonifier, M icrotip; 32 W/cm2). The extract was immediately layered onto a 3-step, nonlinear glycerol-H20 gradient containing, in order from the bottom layer, 10 ml of each of 83.3% , 75% and 50% glycerol. Following centrifugation for 10 min at 25 x g , the pollen wings collected at the interface between the top and the second glycerol layers [2] .
The wing-enriched fraction was diluted with 5 ml H 20 and was centrifuged for 15 min at 9600 x g and 4 °C. The supernatant was discarded and the pellet was washed thrice with 10 ml H 20 before being freeze-dried for 48 h.
The freeze-dried fraction was subjected to a micro scopic examination for contamination by whole pol len and pollen fragments. For this, the wing: pollenfragment ratio was estim ated in 5 aliquots taken from 1 mg of the freeze-dried material suspended in 1 ml H 20 . If the fractions contained more than 1 pollen fragment per 300 wings, the fraction was resuspend ed in 10 ml of the tris-HCl buffer and repurified on a glycerol gradient.
Isolation and characterization o f the epicuticular waxes from whole pollen and pollen wings
250 mg of whole pollen or wings were extracted over about 1 -2 h with 100 ml chloroform through a 2 cm diam eter filter (frit size: 4). The filtrate, desig nated the total epicuticular wax fraction was dried under vacuum and weighted.
The separation of the total wax fraction into in dividual lipid classes was accomplished using a 10 cm x 2 cm column of silica gel 60 (0.06-0.2 mm; Merck, D arm stadt, FR G ) suspended in pentane. The column was eluated successively with 50 ml of each of pentane, 2-chloro-propane, m ethanol and chloroform [3] . Each solvent was freshly distilled prior to use. Each eluate was reduced to dryness and weighted before resuspension in 50 |al hexane. The lipid composition of each fraction was subjected to thin-layer and gas chrom atographic analysis. The esterification of the free fatty acids in the methanol fraction and their subsequent separation from alcohols was perform ed according to Gülz [4] .
Thin-layer chrom atography
Thin-layer silica gel plates (20 cm x 20 cm; 0.2 mm silica-gel thickness; silica gel 60, Merck, D arm stadt, FR G ) were developed in benzene. Bromothymol blue (0.04 g/100 ml 0.01 n N aO H ; Merck) was used for staining. U nsaturated bonds were identified on similar plates im pregnated with A g N 0 3 [5] ,
Gas chrom atography
Between 0.3 and 0.5 (al of each fraction was ana lysed using a Hew lett Packard 5710 A gas chrom ato graph with FID , integrator and a 12 m glass capillary column packed with OV-lOl (M acherey and Nagel, D üren, FRG ). The carrier gas was N2. The tem pera ture programme consisted of 2 min at 160 °C fol lowed by an increase up to 340 °C at a rate of 4 °C/ min. Individual compounds and compound-classes were identified by comparison with standard mix tures, and were quantified using measurements of peak areas.
Results
"Epicuticular waxes" o f pollen and pollen wings
"Epicuticular waxes" comprised between 1.3% (Po. -1984) and 1.6% (Po. -1986) of the dry weight of Pinus pollen. The wings, which are derived exclusively from the exine [6] [7] [8] , contained 3.5% waxes.
The waxes of pollen and their wings contained hydrocarbons, aldehydes, wax esters, fatty acids and primary alcohols (Fig. 1) . As expected, these sub stances were present as homologous series. Although thin-layer chromatography of the fractions obtained following column fractionation indicated the pres ence of ketones, their presence could not be con firmed by gas chromatography.
Characterization o f the individual lipid classes
Hydrocarbons were present in such small quan tities that a detailed characterization of these sub stances was not possible. The distribution pattern of the other components is shown in Fig. 2 . It should be noted that although low concentrations of odd-numbered wax esters were observed, odd-num bered •/. ID: saturated.
aldehydes, fatty acids and alcohols were either not detected or were present only in trace amounts. The presence of a large num ber of unsaturated (16:1, 18:1, 18:2, 20:1, 20:2) fatty acids is noteworthy (Fig. 3) . Low concentrations of unsaturated wax es ters were also identified. The presence of these un saturated substances was confirmed by thin-layer chromatography on A g N 0 3-im pregnated silica-gel plates [5] .
A comparison of the composition of the waxes in pollen and in pollen wings shows that although dif ferences in the quantitative composition may occur, the distribution patterns of chain lengths are, in general, similar between the two fractions.
Discussion
The outer pollen wall, the exine, is a com partm ent where various substances may be localized. The accumulation of carotenoids in and/or on the exine structure has long been recognized. Recently, it has been shown that flavonoids and very complex phenylpropanes, such as £'-caffeoyl-(£')-feruloyland di-(£')-feruloylspermidine, are also present [9] [10] [11] . This paper describes for the first time the role of the exine as a carrier of "epicuticular waxes". The evidence was obtained from exine m aterial iso lated in the form of Pinus pollen wings.
Various hydrocarbons, aldehydes, wax esters, free fatty acids and primary alcohols were identified in the wax from the exine. The hydrocarbons were only present in small quantities. The dry weight of the pollen waxes constituted between 1.3 and 1.6% of the total pollen dry weight. These values are below the 2.1 to 2.5% reported for 1-year-old needles from Pinus cembra [12] .
An overall similarity was observed in the m ajor constituents and their distribution patterns of waxes isolated from pollen collected from different sources and different years (Fig. 2) .
Although waxes from whole pollen wings exhib ited quantitative differences, the distribution p at terns of chain lengths of the individual components were similar. Differences were observed, however, in the amounts of fatty acids. It is possible that the exine is more accessible to the extraction solvents after the removal of the wings from the pollen cor pus. The extra steps necessary for the purification of the wings may also be involved.
The "epicuticular waxes" from gymnosperms have been extensively studied [13] [14] [15] [16] [17] . A comparison of our observations with those of G iinthardt [18] and G ünthardt and W anner [12] on Picea and Pinus nee dles is of relevance. Pollen waxes contain no second ary alcohols, such as non-acosan-10-ol, which are typical for almost all gymnosperm needle waxes [14] [15] [16] . An unexpected observation was the high content of unsaturated fatty acids with chain lengths of C 16-C 20.
There is clear evidence in Pinus, as in a num ber of other plant systems, for organ-specific composition of cuticular waxes. In comparison to needle waxes, pollen waxes can be identified by the following characteristics: the levels of hydrocarbons are low, they contain considerable amounts of characteristic aldehydes not previously identified in needle waxes, and they are deficient in the secondary alcohols and co-hydroxy-fatty acids typical of needle waxes. Through the accumulation of waxes in and/or on the exine, pollen has aquired an additional and effective protective mechanism against the effects of the envi ronm ent. According to Schönherr [19] , such waxes may possibly provide a substantial increase in the barrier against water diffusion.
